Background: Zingiber officinale is a rhizome commonly consumed as a delicacy, medicine or spice. It is considered as a safe spice with several medicinal properties. The aim of this study was to evaluate in-vitro antioxidants, antimicrobial and safety of Nigerian Z. Officinale. Methods: Methanol extract of Nigerian Z. Officinale (MEZO) was evaluated for phytochemical composition, total flavonoids and phenol contents using standard procedures. Antibacterial study was carried out via the agar well diffusion method. Antioxidant activities were carried out using 2, 2′-diphenyl-1-picrylhydrazyl (DPPH), and ferric reducing antioxidant properties (FRAP) assay. Twenty five (25) wister rats were randomly grouped into five (A-E) of five animals each. Animals in Groups A-D were orally administered 75,150, 300 and 600 mg/kg bwt of the extract on daily basis for 4 weeks while those in Group A (control) received distilled water.
Background
A major challenge in global health care is the need for novel, effective and affordable medicines to treat microbial infections, especially in developing countries of the world, where up to one-half of deaths are due to infectious diseases [1] . Ethnomedicines constitute a noteworthy part of indigenous knowledge systems of human health management worldwide. They are cost effective, easy to administer and have no prominent resistance [2] . Antimicrobial agents from medicinal plants after possible manipulation may provide new and improved drugs to treat the infectious diseases [3] . On other hand, oxidative stress is the major implicative factors in etiology of certain degenerative and chronic diseases including diabetes, atherosclerosis, parkinsons disease, renal disorders, cardiovascular, inflammatory, cancer, autoimmune, neurodegenerative diseases, and several other human ailments [4] .
Different extracts from African medicinal plants have been tested to identify the source of the therapeutic effects [5] [6] [7] . As a result some natural products have been approved as new antioxidants and antibacterial drugs, but there is still an urgent need to identify novel substances that are safe, inexpensive and active towards free radicals and pathogens with high resistance [8] . A major hindrance to the development of ethnomedicine in Africa is the poor toxicological profiling of plant materials used as nutraceuticals. However, recent research effort on African plants of medical importance is gradually improving knowledge gaps [9] .
Zingiber officinale is a rhizome commonly consumed as a delicacy, medicine or spice [10] Ginger is a strong antioxidant substance and may either mitigate or prevent generation of free radicals. It has been reported for antioxidants and protective role against toxicants, insecticidal, antimicrobial and antiprotozoal activities [11] [12] [13] [14] . It has also been recently been reported to improve growth performances in experimental animals [15] . It is considered as a safe herbal medicine with only few and insignificant side effects [16] . However, phytoconstituent, biological activities as well as toxicological virtues of natural products have been reported to vary with geographical origin of the plants [17] . Literature survey revealed scanty information on antioxidants, antimicrobial and safety evaluation of Nigerian Z. officinale, in order to bridge the gap in knowledge. This study evaluates the total phenolic and total flavonoids contents, the antioxidant properties (DPPH and FRAP), the in vitro antimicrobial activities of Nigerian Z. officinale as well as its effect on hepatorenal integrity in wister rats.
Methods

Materials
Fresh samples of Zingiber officinale was obtained from the Lapai Market in Lapai, Niger State Nigeria and was identified by Botanist at the Department of Biological science Federal University of Technology, Minna (FUT-MINNA). Healthy albino rats (122.45 ± 7.63) were procured from animals holding units of FUTMINNA. They were allowed unrestricted access to rat pellets and water.
Chemicals and reagents
Ascorbic acid (Merck Co.), 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) (Sigma-Aldrich Co.). All biochemical assay kits were either obtained from Randox Laboratories Ltd., United Kingdom or Agappe Diagnostics, Switzerland. All other chemicals were of analytical grade.
Sample preparation and extraction
The fresh sample of Zingiber officinale was washed and dried for 2 weeks (37°C) and finally grounded using a grinder mill. A 50 g of the plant material was extracted with 200 mL of methanol using soxhlet apparatus and the resulting extract was concentrated using rotary evaporator.
Screening for secondary metabolites
The plant extract was analyzed for the presence of some secondary metabolite including alkaloids, terpenes, tannins, saponins, phenols, steroids, phlobatannins and flavonoids using standard procedures [18] [19] [20] .
Assay for antibacterial activity
Pseudomonas aeruginosa, Salmonella typhi, Klebsiella pneumonia, Staphylococcus aureus and Escherichia coli were the isolates used for this study. Organisms were isolated using standard methods and maintained on agar slants and refrigerated for further use. Antibacterial activity of the extract was carried out using agar-well diffusion method as described by Tsado et al., [21] . A broth microdilution method [22] , was used to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the extract in triplicates.
Antioxidant study Total phenolic and flavonoid contents
Total phenolic content was analyzed using the FolinCiocalteu colorimetric method [23] Results were expressed as mg gallic acid equivalent (GAE) per gram extract. Total flavonoid content was determined using the aluminum chloride colorimetric method [24] . The results expressed as mg quercetin equivalent (QE) per gram of extract. Each plant extract was prepared in triplicate.
FRAP and DPPH assay
DPPH radical scavenging activity of the plant extract at varying concentrations (2.5-100 μg/mL) was measured in vitro using 2, 2′-diphenyl-1-picrylhydrazyl (DPPH) assay [25] . While Fe3+ ion reducing power of the sample was evaluated using varying extract concentrations (2.5-100 μg/mL) according to the method of Oyaizu [26] . The extract concentration providing 50% inhibition (IC 50 ) was calculated from the plot of inhibition (%) against extract concentration. Ascorbic acid at the same concentrations was used as the reference antioxidants.
Toxicological study
Acute toxicity was carried out as reported according to lorke's [27] method as describe by Amos et al., [28] . In the sub acute toxicity. Twenty five (25) wister rats were randomly grouped into five (A-E) of five animals each. Animals in Groups A-D were orally administered 75,150, 300 and 600 mg/kg bwt of the extract on daily basis for 4 weeks while those in Group A (control) received distilled water. Procedure described by Akanji et al., [29] , was followed during blood sample collection and serum preparation for biochemical analysis.
Biochemical parameters
Serum activities of alkaline phosphatase (ALP), Aspartate transaminase (AST) and alanine transaminase (ALT) were determined [30, 31] . The concentrations of serum total proteins, bilirubins, albumins, urea creatinine, sodium, potassium and chloride were determined using standard methods [32] [33] [34] .
Statistical analysis
Values were analyzed using statistical analysis system (SAS). Comparisons between different groups were carried out by analysis of variance, ANOVA (P < 0.05). Means differences were separated using Duncan's Multiple Range Test [35] .
Result
Qualitative phytochemicals, total phenol and flavonoid contents
The qualitative analysis of phytochemicals revealed the presence of phenols, tannins, alkaloids, saponins, glycoside, terpenoids, anthraquinone, flavonoids but absence of phlobatannins (Table 1) . Total phenolic content of the extract was recorded to be 15.24 ± 0.02 mg GAE per g of sample while the total flavonoid content was 19.84 ± 0.32 mg/g catechin equivalent (Table 2) .
Antioxidants activities
Both methanol extract of Zingiber officinale and ascorbic acid promoted an inhibition of DPPH radical with increasing concentrations (Fig. 1) . However, the percentage inhibition of the DPPH radical by the extract was lower than that of ascorbic acid. The IC 50 recorded were 47.05 ± 2.03 μg/mL and 36.44 ± 1.78 μg/mL for methanol extract of Zingiber officinale (MEZO) and ascorbic acid respectively ( Table 3 ). The ability of extract to transform Fe 3+ to Fe 2 + .
as illustrated in Table 4 shows that MZO had low % FRAP (IC 50 89.15 ± 0.29 μg/mL) compare to ascorbic acid(IC 50 24.39 ± 0.46 μg/mL).
Antimicrobial activities
The antibacterial activity assessed in terms of inhibition zone indicated that, at concentrations of 25 50, 100 μg/mL there were increase zone of inhibitions as the extract concentrations increases (Table 5) . Klebsiella pneumoniae showed the highest susceptibility of 29.04 ± 0.35 mm at 100 μg/mL, followed by P. aeuruginisa (26.03 ± 0.41 mm), Escherichia coli (22.45 ± 0.32 mm) and Salmonella typhi (18.05 ± 0.21 mm), while the least zone of inhibition of 15.08 ± 0.20 mm was recorded in Staphylococcus aureus ( Table 5 ). The MIC and MBC were 25 μg/mL and 50 μg/mL respectively for all the organism except Klebsiella pneumonia with MIC and MBC were 12.5 μg/mL and 50 μg/mL respectively (Table 6) .
Biochemical parameters
Methanol extract of Zingiber officinale when administered orally into rats had safe dose of 1600 mg/kg and LD 50 > 5 g/kg bw ( Table 7 ). The serum concentrations of ALT, AST, ALP, sodium, albumin and total proteins in rats administered methanol extract of Zingiber officinale compared favorably (p > 0.05) with control at all doses. The bilirubin, urea and creatinine levels were significantly higher while chloride concentration was significantly (p < 0.05) lowered in rat dosed 600 mg/kg bwt of when compared with the control. There was also significant increases (p < 0.05) concentration of potassium in rat dose 300 mg/kg of the extract when compared with the control rats ( Table 8) . The extract at 75, 150 and 300 mg/kg b.wt exerted no significant (p > 0.05) change in body weight gain. However the group of rat dosed 600 mg/kg showed lowered weight gain compare to the control. The computed liver, kidney, spleen, heart, and small intestine body weight ratios of the rats were not significantly (p > 0.05) different from those of their respective controls (Table 9 ).
Discussion
Search for potent drugs to fight emerging and reemerging diseases is continuing with limited successes. Plants are known to produce secondary metabolite which confers to them some physical characteristic and also defense purposes [36] . However, coincidently, these metabolites have been reported for several medicinal values when taken by animals. The photochemical screening of MZO indicated the presence of phenols, tannins, alkaloids, saponins, glycoside, terpenoids, anthraquinone, flavonoids (Table 1) , which have been implicated as major antioxidants and antimicrobial bioactive compounds from natural products. Previous phytochemical study have documented the presence of only saponin and flavonoids but absence of phlobatanins, terpenoids, anthraquinones, tannins, glycosides, steroids, alkaloids, phenolics in aqueous extract of Zingiber officinale [37] . The great discrepancy in the phytoconstituents could be attributed to the geographical origin of the plant: the plant reported in this study was obtain from northern Nigeria as oppose to that use by Suleiman et al., [37] , which was obtained from western Nigeria. Similarly, differences in the polarity of the solvent use could be responsible for the high discrepancy. Lawal et al. [38] also reported that phytochemical composition of medicinal plants can be rationalized in terms of the organ of the plant use as well as the solvent use in the extraction process. Antimicrobial activity of MZO obtained against S. aureus, S. typhi, P. aeuruginisa, K. pneumonia and E. coli brought to light differences in sensitivity of organism to antimicrobial agents in plant. It is obvious that the most intense activity was against K. pneumoniae (29.04 ± 0.35 mm) while the least activity was against Staphylococcus aureus which produced the zone of inhibition of 15.08 ± 0.20 mm against that of Values are Mean ± SEM of triplicate determinations ampicillin (25.24 ± 0.67 mm). The methanol extract of Z. officinale exerted significant level of inhibition against both the Gram positive and Gram negative bacteria and thus can be considered as plant with broad spectrum activity. The antimicrobial activities recorded in this study is far better than activities reported in previous study [37] , where the authors reported aqueous extract of Zingiber officinale at 200 mg/mL had no inhibitory activities against K. pneumonia and E. coli but little activities against S. aureus (13.5 mm) and E.coli (15.5 mm). This discrepancy is obviously related to the differences in polarity of the extraction solvents. The aqueous extraction may not be efficient enough to extract antimicrobial agent from Zingiber officinale. Afolayan et al., [39] also reported that most active antimicrobial components are generally insoluble in aqueous medium, thus it is expected that organic solvents of low polarity would yield more active antimicrobial extracts. Similarly, Aliero et al. [40] , and Ashafa et al. [41] , also reported that methanol extract of plants generally have higher antimicrobial activities than the aqueous extract which, sometimes showed little or no antibacterial activities. There has been renewed interest in the role of African traditional plants for the treatment of oxidative stress induces diseases [5] . In our study to show the antioxidant activity of Zingiber officinale, methanol extract of Zingiber officinale promoted an inhibition of DPPH radical and the transformation of Fe 3+ to Fe 2 + .
in a dose dependent fashion. In DPPH assay the extract had IC 50 values of 47.05 ± 2.03 μg/mL higher than IC 50 of 25.11 μg/mL previously reported for cyclohexane extract but lower than IC 50 of 83.00 μg/mL and 81.00 μg/mL reported for ethanol and acetone extracts of Iraq Zingiber officinale [16] . The ability of extract to transform Fe 3+ to Fe 2 + .
as depicted in Table 4 shows that MZO had low % FRAP (IC 50 89.15 ± 0.29 μg/mL) compare to ascorbic acid(IC 50 24.39 ± 0.46 μg/mL). However, this activity recorded may also serve as a significant indicator of its potentials in managements of free radical dilemma. Among the several classes of phytochemicals, phenolic and flavonoids have been implicated in the antioxidant effect of natural products [42] . Total phenolic and total flavonoid contents of Zingiber officinale were recorded to be 15.24 ± 0.02 mg GAE/g and 19.84 ± 0.32 mg/g catechin equivalent ( Table 2 ). These significant amounts of flavonoids and phenols recorded in this study could be responsible for the observed free radical scavenging activity of the plant extract.
Liver is one of the most important organs, whose major activities are maintaining homeostatis and metabolism of drugs/chemicals/toxicants that are introduced to the body system, thus making it highly susceptible to impairment [5] . Evaluation of biochemical parameters; ALT, AST, ALP, albumin bilirubins and total proteins are therefore relevant in assessing the integrity of liver following administration of plants extracts. Alterations in the normal activities or concentrations of these parameters are conventional indicators of hepatocellular injury, cellular leakage, loss of functional integrity of cell membrane, liver hepatitis, biliary cirrhosis, and in diseases characterized by inflammation, intrahepatic and extrahepatic bile obstruction [43] . Interestingly, 28 days administration of methanol extract of Zingiber officinale at concentrations of 75 mg/kg-600 mg/kg bwt did not cause any significant alterations to the serum concentrations of serum ALT, AST, ALP, albumin and total proteins when compared with the control values. This simply implies that the functional integrity of liver has not been compromised.
The serum levels of electrolytes, urea, total protein, bilirubin, albumin and creatinine are indicator of synthetic secretory, and excretory role of the liver and kidney [44] . The observed increase in bilirubin content in rats' dose 600 mg/kg b.wt suggests a compromise of the synthetic ability of the liver. The extract might have increased the functional activity of the liver by interfering with the equilibrium in the rate of synthesis and destruction, removal or clearance of bilirubin from the system of the animals [45] . Such increase in bilirubin could, negatively affect the metabolic activities of the liver and consequently the health of the animals. The kidneys regulate the excretion of urea and reabsorption of electrolytes into the blood. During glomerular impairment, urea and creatinine accumulate in the biological fluid [46] . In the present study, the significant alterations in serum urea and creatinine concentrations following the administration of the extract could be due renal dysfunction. The extract at high dose (600 mg/kg bwt) might have either interfered with creatinine metabolism leading to increased synthesis or the tissue might have compromised all or part of its functional capacity of tubular excretion [45] . Similarly, the significantly (p > 0.05) decrease in the concentrations of chloride in rats dosed 600 mg/kg bwt of Zingiber officinale when compared with the control is an indication that the normal function of the kidney as regard to this metabolites has been compromised. This therefore suggests that the continuous administration of Zingiber officinale at dose of 600 mg/kg b.wt could cause renal damage.
Although, there was significant increases (p < 0.05) in concentrations of potassium in rat dosed 300 mg/kg b.wt of the extract when compare with the control rat. The severe alterations in urea, creatinine, bilirubin and other electrolyte that were recorded in rats dosed 600 mg/kg bwt were absent in rats dosed 75, 150, and 300 mg/kg b.wt of the extract, thus, point out the safety of Zingiber officinale at doses of 75, 150, and 300 mg/kg b.wt. According to Berinyuy et al. [47] , organ/body weight ratios are good indicator of organs inflammation or constriction. The absence of an effect on the computed organs/body weight ratios suggests that the extract did not cause any form of swelling, atrophy and hypertrophy on the organs. Values are mean ± SEM of 5 determinations. Values along the same row with same superscripts alphabets are not significantly different (p < 0.05) Table 9 Relative organ weight ratio of rats administered methanol extract of Zingiber officinale 
Conclusion
In conclusion, the methanol extract of Zingiber officinale has antioxidant and antimicrobial properties and could be employed as a source of candidate for the development of new antioxidants and antimicrobial drugs. The extract at 75-300 mg/kg b.wt also cause no significant alteration to the normal level of serum biochemical parameters and thus could be considered safe for consumption and clinical applications. 
